1 




Micro-mechanical device comprising a suspended element which is 
attached to a support by a pillar, and production method thereof 

Background of the invention 

The invention relates to a micro-mechanical device comprising at least one 
suspended element attached to a support by a pillar comprising a base and a 
top. 

State of the art 

Micro-mechanical systems, for example acceleration sensors, conventionally 
comprise mobile or fixed suspended elements. These micro-systems are 
used in particular in automobile applications, for suspension correction, for 
driving assistance and for opening air-bags, requiring an acceleration 
measurement comprised between 0 and 25g. Acceleration sensors are also 
used in pace-makers, requiring an acceleration measurement comprised 
between 0 and 2g. 

As represented in figure 1 , a suspended element 1 is conventionally fixed, by 
a pillar 2, to a support 3, Current methods for fixing the suspended element 1 
to the support 3 consist in growing thin layers on the support 3, to form the 
pillar 2 and the suspended element 1 . Thus, the pillar respectively comprises 
a base 4 in contact with the support 3 and a top 5 in contact with the 
suspended element 1. The mechanical tensile strength of the suspended 
element 1 with respect to the support 3 is ensured by the adhesion of the 
materials at the interfaces, in particular at the interface between the material 
of the suspended element 1 and the material of the pillar 2 at the top 5 of the 
pillar on the one hand, and at the interface between the material of the 
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support 3 and the material of the pillar 2 at the base 4 of the pillar on the 
other hand. These methods are for example used for growth of a pillar 2 
made of electrically insulating material, for example silicon nitride (SiN), on a 
silicon (Si) support 3. The mechanical strength between these materials may 
be insufficient, In particular in the case where over-pressures are applied in 
the microsystems, for example in the case of systems where it is required to 
dampen the vibrations of the suspended element 1 or in flowmeters. 

Object of the invention 

The object of the invention is to remedy these drawbacks and, in particular, 
to increase the mechanical strength of micromechanicai systems comprising 
a suspended element. 

According to the invention, this object is achieved by the appended claims 
and more particularly by the fact that the support comprises a cavity etched 
in a substrate and opening out on the surface of the substrate facing the 
suspended element, the cavity having at least one broader zone having a 
cross-section which is greater than the cross-section of the cavity at said 
surface, the base of the pillar, of complementary shape to the cavity, being 
buried in the cavity. 



Brief description of the drawings 

Other advantages and features will become more clearly apparent from the 
following description of particular embodiments of the invention given as non- 
restrictive examples only and represented in the accompanying drawings, in 
which: 
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Figure 1 represents a device according to tlie prior art. 

Figures 2 and 3 represent particular embodiments of the device according to 

tlie invention. 

Figures 4 to 12 represent tlie successive steps of a particular embodiment of 
tlie method according to the invention, the material designed to form the pillar 
being deposited on the walls of the hole without filling the hole. 
Figures 13 to 17 represent the successive steps of another particular 
embodiment of the method according to the invention, the material designed 
to form the pillar filling the hole. 

Figure 1 8 represents a particular embodiment of the device according to the 
invention, comprising a cover integral to an additional pillar. 
Figure 19 represents another particular embodiment of the device according 
to the invention. 

Description of particular embodiments 

In the micro-mechanical device represented in figure 2, the base 4 of the 
pillar 2 is buried in a complementary cavity 6 of the support 3 and comprises, 
in the cavity 6 of the support 3, a zone of broader cross-section, preferably 
forming a nail heading or dovetail assembly with the cavity 6 of the support 3. 
Anchoring of the pillar 2 in the support 3 is therefore stronger than 
conventional anchoring by adhesion. The material designed to form the pillar 
2 can be a conducting material, for example silicon, or an insulating 
compound of the SiN type. 

In figure 3, the top 5 of the pillar 2 is also buried in a complementary first 
cavity 7 of the suspended element 1 . The top 5 of the pillar 2 comprises a 
zone of broader cross-section, in the first cavity 7 of the suspended element 
1, forming for example a nail heading or dovetail assembly with the first 
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cavity 7 of the suspended element 1 . Anchoring of the suspended element 1 
on the support 3 therefore also presents a good mechanical strength. 

/ 

A production method of the device, illustrated in figures 4 to 12, comprises 
conventional steps, for example depositions and etchings of thin layers, and 
special etching steps generating for example oblique etching sides. As 
represented in figure 4, a sacrificial layer 8, a solid layer 9 and an additional 
sacrificial layer 1 0 are successively deposited on a surface of the support 3 
which is preferably made of silicon. The thickness of the sacrificial layer 8 
determines the final distance between the support 3 and the suspended 
element 1 . For example, the thicknesses of the layers are respectively 2 ^.m 
for the sacrificial layer 8, 320 nm for the solid layer 9 and 70 nm for the 
additional sacrificial layer 10. The sacrificial layers 8 and 10 are preferably 
made of silica and the solid layer 9 of silicon. Stacking of the layers can for 
example be performed from silicon on insulator (SOI) type substrates having 
a layer of SiOg arranged between a layer of silicon and a silicon substrate. 

Then a hole 1 1 is etched in the stacking formed by the additional sacrificial 
layer 10, the solid layer 9 and the sacrificial layer 8 (figures 5 and 6). As 
represented in figure 5, the additional sacrificial layer 10 can be etched 
creating oblique etching sides in the additional sacrificial layer 10, so that the 
top part of the hole 1 1 tapers downwards and thus forms a broader zone in 
the top part of the additional sacrificial layer 10. Etching of the additional 
sacrificial layer 10 can be performed by wet etching, for example using 
hydrofluoric acid-based solutions and a photoresist mask, or by isotropic dry 
plasma etching using SFg. 

As represented in figure 6, the solid layer 9 and sacrificial layer 8 can be 
etched so as to create etching sides substantially perpendicular to the layers 
8 and 9. The hole 1 1 then passes through the whole of the sacrificial layer 8 
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and reaches the surface of the support 3, which corresponds for example to 
a depth of the hole of about 3 ^im. 

As represented In figure 7, the support 3 Is then etched, in the extension of 
the hole 1 1 , so as to form the dovetail-shaped cavity 6 of the support 3. The 
hole is thus broader in depth. Such an etching can in particular be performed 
by a plasma etching process described In the document US 5,501 ,893. This 
process uses an alternation of two steps: a passivation step and an etching 
step. The passivation step consists in depositing a protective layer of polymer 
(C4F8-based) on the support 3 to be etched, In particular on the etching sides 
and bottom. The etching step uses an SFg plasma etching, which enables the 
polymer layer and the support 3 to be etched. An electric voltage applied to 
the support 3 accelerates the SFg ions in the direction of the support 3, 
amplifying etching in the bottom, whereas the sides are protected by the 
protective polymer layer. The etched cavity 6 is thus broader in depth than at 
the surface of the support 3. Adjustment of the etching and passivation 
parameters, In particular the pressure, flow rate and cycle time of the reactive 
gases, for example SFg and C4F8, and the voltage applied to the silicon 
support, enable vertical etched sides to be obtained. But the etched cavity 6 
is broader in depth than at the surface of the support 3. This shape with a 
negative slope can be obtained by adjusting several parameters, for example 
by increasing the etching time compared with the passivation time or by 
adjusting the pressures and/or the electric voltage applied to the support 3. 

After the cavity 6 of the support 3 has been etched, a material 12, designed 
to form the pillar 2 is deposited in the cavity 6 of the support 3 and at least on 
the walls of the hole 11 (figure 8). In figure 8, the material 12, which is 
preferably an electric insulator, for example SiN, is also deposited on the 
additional sacrificial layer 10. As represented in figure 9, the material 12 
deposited on the additional sacrificial layer 10 can be eliminated by polishing 
or plasma etching. 



6 



The additional sacrificial layer 10 is then eliminated, for example by wet 
etching, (figure 10) and a material 13, preferably Si, designed to form the 
suspended element 1, is deposited on the solid layer 9 and the material 12 
forming the pillar 2 so as to fill the hole 1 1 (figure 11). The layer 9 also acts 
as support for the material 13, in particular in the case where the latter is 
deposited by epitaxy. The layer 9 is thus intimately bonded to the material 13 
and forms the suspended element therewith. The material 13 can then be 
smoothed by polishing or etching and the sacrificial layer 8 is then removed 
(figure 12). 

After etching of the sacrificial layer 8, the suspended element is then 
anchored on the support 3 by the pillar 2. The solidity of the anchoring does 
not depend only on the quality of the intrinsic adhesion of the materials, but it 
is enhanced by assembly with a zone of broader cross-section and for 
example of dovetail or nail heading type. 

The embodiment represented in figures 8 to 12 can for example be used to 
achieve a pillar 2 with an external lateral dimension of more than 2 \im and a 
layer of material 12 with a thickness of less than 1\im. The layer of material 
12 thus fills the cavity 6 and covers the walls of the hole 1 1, as represented 
in figures 8 to 12. 

In another embodiment, represented in figures 13 to 17, the material 12 
designed to form the pillar 2 can fill the hole 11 completely, which is for 
example the case when the external lateral dimension of the pillar 2 is 
smaller than half the thickness of the layer of material 12 forming the pillar 2. 

In figure 13, the insulating material 12 is deposited so as to fill the hole 11 
and to cover the additional sacrificial layer 10. After the material 12 has been 
polished (figure 14) and the additional sacrificial layer 10 has been 
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eliminated, for example by etching (figure 15), the material 13 designed to 
form the suspended element 1 can be deposited (figure 1 6) on the solid layer 
9 and on the pillar 2 so as to form a dovetail assembly with the top 5 of the 
pillar 2. The sacrificial layer 8 can then be removed (figure 17). 

In the case where a cover 14 designed to cover all the fixed and movable 
parts of the device is added, the cover 14 can also be fixed to the suspended 
element 1 by means of a dovetail assembly. In figure 18, the device 
comprises a cover 14 integral to an additional pillar 15 perpendicular to the 
cover 14. A base 16 of the additional pillar 15, opposite the cover 14, is 
buried in a complementary second cavity 17 of the suspended element 1. 
The base 16 of the additional pillar 15 is broader in the second cavity 17 of 
the suspended element 1 , preferably forming a dovetail assembly with the 
second cavity 1 7 of the suspended element 1 . 

The dovetail or nail heading assembly between the additional pillar 15 and 
the suspended element 1 can be achieved in the same way as the assembly 
between the support 3 and the pillar 2. The suspended element 1 is thus 
etched so as to form the second cavity 1 7 of the suspended element 1 in the 
form of a dovetail or nail heading. A material designed to form the base 16 of 
the additional pillar 15 is then deposited, at least in the second cavity 17 of 
the suspended element 1 . 

In a particular embodiment, the material constituting the base 16 of the 
additional pillar 15 integral to the cover 14 is an insulating material, for 
example SiN, to prevent electrical conduction between the cover 1 4 and the 
suspended element 1 . 

In another embodiment, an electrically insulating layer 18, for example made 
of SiN, can be deposited at the interface between the suspended element 1 
and the additional pillar 15. In the case where an electrical continuity 
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between the cover 14 and the suspended element 1 is not inconvenient or is 
even desirable, the layer 18 is not necessary. 

According to the invention, the cavity 6 of the support 3 is etched in a 
substrate and opens out on the surface of the substrate facing the 
suspended element 1. As described previously, other layers can be 
deposited on the substrate forming the support. The cavity 6 has at least one 
broader zone the cross-section whereof Is greater than the cross-section of 
the cavity 6 at said surface. In the embodiment previously described, this 
broader zone is formed In such a way that the base 4 of the pillar 2 and the 
cavity 6 of the support 3 constitute a dovetail assembly. 

In the particular embodiment represented in figure 19, two broader zones of 
the cavity 6 are formed by two superposed grooves 19. The base 4 of the 
pillar 2 comprises at least two ribs 20 complementary to said grooves 19. For 
a cavity 6 with a diameter of about one micrometer, the height of one of the 
grooves 19 along an axis A perpendicular to the support 3 Is preferably 
comprised between 0.27 and 0.34 micrometers. The depth of the grooves in 
the plane of the support 3 is preferably comprised between 0.1 and 0.3 
micrometers. The number of grooves 19 can be more than two. A cavity 6 is 
thus obtained having sides that are substantially perpendicular to the support 
3, the profile of the sides having an undulating shape corresponding to the 
grooves 19. In another embodiment, the sides are undulating as before and 
are inclined with respect to the support 3 so as to form a dovetail. 

The grooves 19 can be achieved in known manner by a method using an 
alternation of a passivation step and an etching step, wherein the C4F8 
content can be reduced or eliminated during the etching step using an SFq 
plasma. To form the pillar 2, the cavity 6 is preferably filled with silicon nitride 
SiN. Filling is complete and does not leave any empty space between the 
pillar 2 and the substrate. The pillar 2 of the device obtained is solidly 
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anchored and breaks under the effect of a lateral force exerted on the pillar 
without the pillar 2 coming out of the cavity 6. 



